Background: Anastomotic leak is one of the most serious complications following bariatric laparoscopic Roux-en-Y gastric bypass (LRYGB), and associated with high morbidity rates and prolonged hospital stay. Timely management is of utmost importance for the clinical outcome. This study evaluated the approach to suspected leakage in a high-volume bariatric surgery unit. Patients who underwent surgical treatment early after the symptoms of leakage developed had a shorter hospital stay than those who had symptoms for more than 24 h before reoperation (12·5 versus 24·4 days respectively; P < 0·001).
Introduction
Anastomotic leaks and pulmonary embolism are the two most feared complications in patients undergoing laparoscopic Roux-en-Y gastric bypass (LRYGB), and considered the most common cause of death 1, 2 . The reported incidence of leakage varies from 0·1 to 5·6 per cent 3 -7 , partly depending on the definition used. The Scandinavian Obesity Surgery Registry 8 reported a leak rate of 1·4 per cent in 19 789 women and 2·1 per cent among 6331 men. However, there is no uniform consensus on the classification or treatment of leaks, with classification according to time after operation, location or cause being proposed 9, 10 . Treatment of leaks differs between centres, ranging from mainly conservative management 11, 12 , to use of endoluminal stents and fibrin glue 11,13 -15 , to early reoperation 10, 16, 17 .
Such differences probably reflect both varying definitions of leakage, and differences in vigilance in diagnosing leaks. Staple-line reinforcement has been proposed to reduce the rate of leakage, but the evidence is poor 18 -20 . Leaks are associated with high morbidity and mortality rates 21 , and delay in diagnosis and treatment may have serious consequences. The aims of the present study were to investigate the causes and risk factors for leakage, and to evaluate different treatment strategies in a high-volume bariatric surgery setting. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. units specializing in bariatric surgery. Both units use the same treatment protocol and a joint database, and all operations are performed in a standardized manner using the same rotating team of surgeons. All consecutive LRYGBs performed in the two hospitals between September 2005 and June 2012 were included in the study. Indications for surgery were in line with the European guidelines on surgery of severe obesity 22 . Patients with a body mass index (BMI) over 40 kg/m 2 , or 35-40 kg/m 2 with obesity-related co-morbidity, were eligible for surgery. Bariatric surgery was also indicated in patients who had originally had a high BMI, exhibited substantial weight loss in a conservative treatment programme, but then started to gain weight again.
Methods

Aleris Hospital in
Definition of anastomotic leak and management
The following symptoms were recorded prospectively during the hospital stay: pain, nausea, tachycardia, fever, and haemoglobin level, C-reactive protein (CRP) concentration and white blood cell count, if indicated. Leaks were defined on clinical grounds. Patients who had tachycardia exceeding 120 beats per min, used more pain medication than expected and/or were not mobilized within 2 h after surgery were considered to have a leak or bleeding. In the first 24 h the indication for surgical exploration was based solely on clinical symptoms. All patients received both written and oral information about complications, including leaks, before discharge from hospital. They were instructed to call the ward or the on-call surgeon if they were feeling sick, had pain that did not respond to oral pain medication, were not fully mobilized, were unable to drink at least 1·5 litres of fluid over 24 h, or had a temperature exceeding 38
• C.
All patients entered a follow-up programme, with the first visit in the outpatient clinic at 2-3 months. All complications occurring during this interval were recorded in the database.
The unit in Sweden is fully equipped with an intensive care unit (ICU). The unit in Oslo does not have an ICU, so patients requiring intensive care were referred to another hospital.
Complications
The Clavien-Dindo classification 23 was used to grade complications. All patients with grade II-V complications were included. Patients were classified as having a clinically relevant leak if there was a suspicion of intra-abdominal infection (clinical symptoms with raised levels of CRP and/or leucocytes) leading to treatment with antibiotics and/or abscess shown on computed tomography (CT) or ultrasound examination. Grade IIIA-V leaks were more apparent clinically. Leaks that occurred within 5 days of surgery were classified as early leaks, and those that appeared after 5 days as late leaks.
Operative procedure
The surgical procedure has been described in detail previously 24, 25 . In brief, a small gastric pouch (15 ml) was created with the bowel in an antecolic and antegastric position. The gastroenteric (GE) anastomosis and the enteroenteric (EE) anastomosis were stapled linearly and the staple holes handsewn. Initially the bowel was approximated to the gastric pouch as an omega loop, subsequently divided by stapling between the two anastomoses. The last step was to test the integrity of the GE anastomosis by inflation with methylene blue-dyed saline via a nasogastric tube. No operation was concluded without having passed this test, which also confirmed that the lumen was patent and capable of accepting at least a 34-Fr (approximately 8 mm) gastric tube. In the early part of the study, from September 2005 to June 2010, LRYGBs were performed without closing the mesenteric defects. Between July 2010 and June 2012, the mesenteric defects were stapled as described previously 26 .
Statistical analysis
Data were collected prospectively in a proprietary database. All continuous data are presented as median (range) unless otherwise stated, with statistical analysis by means of the Mann-Whitney U test. The χ 2 test was used for comparison of categorical data. P < 0·050 was considered statistically significant. SPSS  version 21 for Mac OS (IBM, Armonk, New York, USA) was used for statistical calculations.
Results
LRYGB was performed successfully in all 6030 patients (4698 women, 77·9 per cent). The patients had a median age of 42 (17-73) years and median BMI of 42·9 (28·7-81·0) kg/m 2 . The procedure was primary in 5874 patients (97·4 per cent) and revisional in 156 (2·6 per cent). A total of 2472 LRYGBs were done without closing the mesenteric defects during the early part of the study, and 3558 with stapling of mesenteric defects in the later part.
Sixty-four patients were considered to have significant leaks according to the Clavien-Dindo classification, 45 women and 19 men, giving a leak rate of 1·1 per cent. Demographics of patients with and without leaks are shown in Table 1 . Leaks were not related to age, sex, weight or BMI. Median hospital stay for patients who developed a leak was 13·3 (2-110) days, compared with 1·7 (1-13) days for those without leaks. Follow-up rates in the outpatient clinic were 94·8 per cent at 2-3 months and 87·1 per cent at 1 year; altogether only 28 (0·5 per cent) of the 6030 patients were completely lost to follow-up during the first year after surgery.
Management approach to suspected leaks
Some 106 patients (1·8 per cent) had reoperation within 30 days. Forty-five patients (0·7 per cent) were reoperated for leaks, 25 (0·4 per cent) owing to bleeding and 21 (0·3 per cent) for bowel obstruction. There were 15 negative laparoscopies (0·2 per cent). Thus, 15 (14·2 per cent) of 106 reoperations failed to demonstrate any suspected complication. The integrity of the GE anastomosis was tested in all reoperations in the same way as during the primary procedure.
Forty-five patients (70 per cent) had surgery and 19 (30 per cent) received conservative treatment for a confirmed anastomotic leak. Those treated conservatively had milder symptoms, which developed later (10·0 versus 6·5 days after surgery; P = 0·031) than those treated surgically. The most prominent symptoms were tachycardia and abdominal pain. All patients treated conservatively had Clavien-Dindo grade II or IIIA complications, whereas patients who had surgery were graded IIIB or above.
Treatment pathways are shown in Fig. 1 . CT demonstrated abscess in 16 of the 19 patients treated conservatively; the diagnosis was made in the other three patients on the basis of abdominal discomfort and a raised CRP level. Six of the 19 patients had percutaneous drainage and 13 were managed by antibiotics alone.
Of patients treated surgically, a leak was demonstrated by preoperative CT in 17 patients, whereas the decision to operate was based on clinical symptoms and/or laboratory results in 28 patients (Fig. 1) . All active leaks demonstrated on CT (contrast leakage) were managed surgically. Median duration of treatment with antibiotics was 15 (7-40) days in both the conservative and operative intervention groups. Table 2 summarizes details of leaks treated surgically. Fifty-three (83 per cent) of 64 leaks were diagnosed after discharge from hospital. Those diagnosed after discharge from hospital (mean hospital stay 1·7 days) but before a total of 5 days after operation were classified as early leaks. Approximately half of the leaks were classified as early (22 of 45); the remaining 23 were late leaks, occurring 6-20 days after surgery. The location of leaks was identified in the 45 patients treated surgically. Leaks were present in both anastomoses (GE and EE ) in four patients. Thirty-one of 49 leaks were located at the GE anastomosis or along the staple line at the gastric pouch, nine at the EE anastomosis, and nine were overlooked inadvertent enterotomies in the small intestine related to operative trauma or injury.
Distal obstruction was considered potentially to have played a role in leakage in 16 of 45 patients; eight had obstruction at the level of the EE anastomosis, five had trocar-port (Richter's) hernias and in three the obstruction was due to intestinal adhesions after earlier surgery. Leaks classified as 'perioperative' in eight patients included traumatic perforations of the small intestine and leaks at the suture row (hand-sutured staple hole), which were apparent within 2 days. The cause of the leak was not identified in 22 patients. The leak rate was not affected by closure of the mesenteric defects: it was 1·1 per cent (27 of 2472) in patients without closure compared with 1·0 per cent (37 of 3558) among those in whom the defects were closed (P = 0·848).
Treatment of early leaks
A peritoneal washout was performed in all 22 patients treated by early operation (5 days or fewer after LRYGB).
The primary treatment for early leaks was suturing of the defect. This was achieved in 20 of 22 patients. Operative drainage was used in 13 of 22 patients. Five patients with early leaks secondary to obstruction were also treated with a gastrostomy tube (Bard  Tri-Funnel Replacement Gastrostomy Tube, 20-Fr push tube; Bard Access Systems, Salt Lake City, Utah, USA) into the bypassed stomach. One patient with leakage at the distal oesophagus was treated with an endoluminal stent.
Treatment of late leaks
Late leaks (more than 5 days after LRYGB) in 23 patients were most often treated by operative drainage (19) and placement of a gastrostomy tube (15) (Table 2, Fig. 2 ). Thirteen patients underwent direct suture and/or omentoplasty. Two patients were treated in another hospital with endoscopic placement of an intraluminal stent for leakage at the level of the gastrojejunostomy.
Management in intensive care
Eight (13 per cent) of 64 patients with leaks were admitted to the ICU. Four of these patients had early leaks and remained in the ICU for a median of 12·5 days. Four patients with late leaks were admitted to the ICU, three of whom were transferred directly to the unit for preoperative stabilization owing to septicaemia. Two patients died (2 of 64, 3 per cent), both with late leaks. One of these patients was admitted after experiencing clinical symptoms of leakage at home for 2-3 days. This patient developed septicaemia and died from multiple organ failure 7 days after admission to the ICU. The other patient was admitted with symptoms of leakage 1 week after operation and underwent surgery immediately, but aspirated during intubation and died from respiratory failure a few hours after admission to the ICU. The other two patients with late leakage were treated in the ICU for multiple organ failure for 21 and 60 days.
Excluding the eight patients admitted to the ICU, those with early leaks had a hospital stay of 6·7 (2-21) days compared with 13·4 (4-33) days in patients with late leaks (P = 0·029). None of the patients who received conservative management (Fig. 1) had severe symptoms requiring ICU admission.
Patient delay
Information on duration of symptoms before hospital treatment was used as an indicator of patient delay and was available for 40 of the 45 patients whose leaks were treated surgically. Delay for more than 24 h predicted worse outcome ( Table 3) . Patients who were reoperated in 24 h or less had a hospital stay of 12·5 (2-90) days, compared with 24·4 (3-110) days for those who had experienced symptoms for more than 24 h before reoperation (P < 0·001). Six of 16 patients who were admitted late to the hospital needed ICU treatment, two of whom died after 1 and 7 days in the unit.
Discussion
Patients with apparent symptoms of leakage after LRYGB should undergo immediate operative intervention without further diagnostic evaluation. Preoperative resuscitation and management in the ICU should be reserved for physiologically compromised patients. CT is indicated before conservative treatment is considered in patients with milder symptoms of late leakage. Patient delay in reporting signs and symptoms, and delay in surgical treatment were both associated with adverse outcomes.
The benefit of bariatric surgery can be lost if complication rates are too high and patients are not managed appropriately. Notably, postoperative mortality strongly correlates with leakage 1,4,7,26 -28 . The Swedish Obese Subjects (SOS) trial 29 stated that the survival benefit following bariatric surgery would have disappeared if perioperative mortality rates had been high. This level would be reached with a mortality rate of 3-4 per cent (L. Sjöström, personal communication). However, the observed mortality rate in the SOS study was 0·3 per cent 29 .
Most leaks occurring within 5 days were related to technical aspects of the operation. As the aetiology of leaks developing after more than 5 days has been reported to be more complex 30 , a 5-day cut-off for early versus late leaks was deemed appropriate. Further classification can include patient and doctor delay, severity and type of treatment. Some patients managed conservatively in the present series may possibly have been overdiagnosed, or could have been classified as having 'microleakage', infected haematoma or left lower-lobe pneumonia. Comparison between surgical and conservative treatments should be interpreted with caution as patients with more severe clinical symptoms were all treated surgically.
The leakage rate of 1·1 per cent in this series is comparable with that reported by other high-volume centres 4, 9, 12, 16 . Most small studies reported leak rates varying from 0 to 10 per cent. In larger studies 4, 7, 9, 27, 31 (more than 500 patients) the incidence of leaks varied from 0·1 to 4·3 per cent. A recent Scandinavian study 8 had a leak rate higher than that reported here for a mixed group of high-and low-volume centres. However, when leak rates in different studies are compared it is important to note the definition of leakage, how severity was scored and whether registration was prospective or not.
Other studies 4,9,32 -34 without leakage revealed no significant differences in BMI, sex and age. At least half of the early leaks were probably due to technical insufficiency, in concordance with other studies 35 . Distal obstruction might have contributed to leakage in 16 patients. Insertion of a nasogastric tube before the start of operation is considered to be of utmost importance in preventing serious aspiration during intubation.
Two-thirds of the leaks occurred at the GE anastomosis where there is no bile or pancreatic enzymes. As long as there is no distal obstruction, percutaneous drainage of the abdominal cavity is the most important part of the treatment. In the authors' opinion, an aggressive attitude towards early reoperation reduces morbidity and hospital stay, as small leaks and bleeding can be resolved without a substantial increase in hospital stay. Few patients undergo unnecessary operation with this treatment strategy; here, only 14·2 per cent (15 of 106) had a negative early laparoscopy. Hospital stay in several studies 11 -13,34 reporting a more conservative treatment approach to leakage also seems to be longer than that after aggressive surgical treatment in the present series.
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